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Benefits of Using a Problem-Solving Scaftold for Teaching and Learning
Synthesis in Undergraduate Organic Chemistry |

Abstract

A problem-solving scaffold approach to synthesis was developed and implemented in two intervention
sections of Chemistry 2211K (Organic Chemistry I) at Georgia Gwinnett College (GGC). A third section of
Chemistry 2211K at GGC served as the control group for the experiment. Synthesis problems for chapter
quizzes and the final examination were designed and administered to all sections participating in the
experiment. Student solutions were graded according to a rubric designed to determine student use of the
scaffold when solving synthesis problems. Analyses of the quiz results and the synthesis component of the
final examination were conducted and intervention section students who employed the Synthesis Scaffold
Approach were found to have higher mean scores on related graded events as compared to students who were
not exposed to the Synthesis Scaffold Approach.
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A problem-solving scaffold approach to synthesis was developed and implemented in two intervention sections of
Chemistry 221 1K (Organic Chemistry |) at Georgia Gwinnett College (GGC). A third section of Chemistry 221K at
GGC served as the control group for the experiment. Synthesis problems for chapter quizzes and the final examination
were designed and administered to all sections participating in the experiment. Student solutions were graded according
to a rubric designed to determine student use of the scaffold when solving synthesis problems. Analyses of the quiz
results and the synthesis component of the final examination were conducted and intervention section students who
employed the Synthesis Scaffold Approach were found to have higher mean scores on related graded events as compared
to students who were not exposed to the Synthesis Scaffold Approach.

INTRODUCTION

In the two-semester undergraduate organic chemistry course se-
quence at Georgia Gwinnett College (GGC), one of the course
outcome goals is to “Design multi-step preparative synthesis of or-
ganic molecules by applying reaction mechanisms” (Georgia Gwin-
nett College, 2014). This is one of the most challenging concepts
in organic chemistry that students encounter. Creating or synthe-
sizing a chemical compound, by its very name, implies a higher level
of learning than most students have engaged in when they first take
organic chemistry. As Anderson, Krathwohl, Airasian, Cruikshank,
Mayer, Pintrich, Raths and Wittrock (2001) note in their revision
of Bloom’s taxonomy, the act of creation is the highest cognitive
domain process. Therefore, it is essential that organic chemistry
students be provided with the tools necessary that enable them to
achieve mastery of synthesis.

Traditionally, students enrolled in undergraduate organic
chemistry learn simple reactions as finite pieces of information and
often memorize them without consideration of how the reactions
take place. Moreover, while some undergraduate organic chemis-
try texts discuss synthesis strategies, e.g. the “Retrosynthetic or
Disconnection approach” (Bruice, 2014), many texts do not pro-
vide students with user-friendly, systematic methods that enable
the learner to become adept at organic synthesis. This paucity of
available methodologies is compounded by the fact that instructors
tend not to spend adequate time to help students understand or
place those strategies into the proper context. Designing a plan for
the synthesis of an organic molecule requires that students move
beyond memorization of individual processes and understand the
interplay of molecular structure, reagent function and reaction
mechanism. Students must be able to visualize the target molecule,
grasp how chemical reagents react with the starting material to
effect the necessary transformations and sequence them properly
to prepare the desired product. A user-friendly methodology that
allows students to navigate these requisite steps in a way that helps
the student approach a wide range of problems could enhance and
ease students’ learning of organic chemistry.

The scaffolded learning process can be brought to bear to
address these teaching and learning issues related to organic chem-
istry synthesis. Scaffolded learning, developed by Wood, Bruner and
Ross (1976), is a process whereby students master a skill or con-
cept as the teacher provides feedback and rectifies mistakes. As
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the student develops the prerequisite skills to reach the ultimate
goal, the teacher “fades” away, or gradually removes assistance to
the learner with the final objective of the learner being able to
independently work to master the skill. “Scaffolding is actually a
bridge used to build upon what students already know to arrive at
something they do not know. If scaffolding is properly administered,
it will act as an enabler; not as a disabler” (Benson, 1997).

Using scaffolded learning, instructors can intercede to improve
student problem-solving ability in the area of synthesis, regardless
of the text being used. Framing simple reactions as elementary
synthesis problems while emphasizing a systematic approach that
incorporates structure and reagent function can provide students
with a visual framework or scaffold upon which to “build” their
synthetic route from a starting material to the desired product. In
other words, the scaffold helps students learn how to “think” about
solving organic synthesis problems.

This paper describes the implementation of and benefits de-
rived from an organic chemistry synthesis scaffold methodology
that was introduced in a first semester organic chemistry course.
This approach, called the “Synthesis Scaffold Approach”, was shown
to students as they began to learn elementary organic reactions.
For students at our college, the alkene chapter of the course text
(Bruice, 2014) is the first exposure to some simple addition reac-
tions; it is here that we introduced the synthesis problem-solving
scaffold.

DEVELOPMENT OF THE SYNTHESIS SCAFFOLD
APPROACH AND TEACHING METHODOLOGY

Modeling and breaking the task of organic synthesis into smaller
parts are two of the key tools that follow the scaffolded learn-
ing approach and are germane to our Synthesis Scaffold Approach
(SSA). These tools seemed to also help learners maintain motiva-
tion and to help decrease unreasonable levels of student stress.The
SSA provided options to the organic student in which to approach
organic synthesis problems without feeling “lost”. The SSA aided
the student in tailoring the synthesis problem to his/her specif-
ic learning strengths and weaknesses. By allowing the student to
first analyze the chemical reagents and reaction pathways and then
to list them in a “menu” format, the SSA forced the student to
consider the possible reaction options before creating a chemical
synthetic pathway. The approach appeared to help students view



a variety of strategies — even those that they may not have mas-
tered previously — merely by considering the list, or menu, that they
just created. As an unexpected result, this methodology assisted
students in identifying areas in which they need more practice to
become proficient in solving organic synthesis problems.

Synthesis Problem-Solving Scaffold Development. The
systematic problem-solving approach to organic chemistry used
successfully by Sloop (2010) serves as the basis for designing the
synthesis scaffold. The steps for this approach are shown below:

*Given:What information do we know?

*Find:What information is sought?

*Plan:What is the strategy for solving the problem?

*Solve: Execution of the plan to achieve a solution.

*Check: Ensure the answer is consistent with known

information and the plan.

Application of this approach to the design of the synthesis
scaffold was straightforward. We defined the problem solving
methodology in the context of information needed by students
when solving a synthesis problem. Our expanded approach was
as follows:

*Given: A starting material from which to produce a

target molecule (product).

*Find: Synthetic route to the desired product.

*Plan: |. Compare the product to reactant and list

transformations.

2. Determine if the overall number of transforma-
tions requires more than a single reaction step.

*Solve: |. Use retrosynthetic strategy to “unbuild” the

molecule back to the starting material.

2. Propose structure(s) for any likely intermedi-
ate product(s).
3. Identify and list reagent(s) to be used in

the synthetic path that will give the transformations

required to prepare the desired product.
4.1f more than one reagent is chosen for a given
transformation, select the best reagent based on the

required function.

5.Write the complete synthetic plan.

*Check: Ensure selected reagents effect the required

transformations; ensure intermediate products are

correctly drawn and the overall synthetic plan leads to

the product.

See Appendix A for a sample scaffold used in the organic
chemistry | intervention sections.

Teaching Methodology. The challenge for instructors in
the first semester organic chemistry was how best to integrate
the teaching of synthesis problem solving using the scaffold with
active learning methods in the class and as part of the homework
assigned to the students. At GGC, Paredes, Pennington, Pursell,
Sloop and Tsoi (2010) have successfully incorporated the Thayer
method of teaching and learning in a range of chemistry courses.
Other active learning approaches in use by GGC organic chemistry
professors include the “flipped” classroom (a recent variation of
the Thayer method) (Bergmann and Sams, 2008) and POGIL (Moog
and Farrell, 1999). For the sections participating in this study, all
instructors used the Thayer method.

Before the course began, example Synthesis Scaffolds were
developed and instructors participating in the study discussed how
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to employ them in the classroom setting. These scaffolds were up-
loaded to the College’s learning management system webpage so
that all students enrolled in the intervention sections had access to
them in advance of the lesson that introduced the concept of or-
ganic synthesis. Intervention section instructors informed the stu-
dents during the preceding lesson that they should download and
read the synthesis scaffold example and bring it to the next class.

The Synthesis Scaffolds were designed so as to provide stu-
dents with a graduated increase in difficulty. When the topic of
synthesis was introduced in class, instructors illustrated and re-
viewed the example scaffold to highlight important points and to
demonstrate the potential benefits of employing this methodology
to solve organic synthesis problems. Students were then given a
simple organic synthesis problem to solve during class. The in-
structor guided the process and made “on-the-spot” corrections
as the students worked. As time permitted, students were assigned
additional problems and asked to solve them using the Synthesis
Scaffold, but with less guidance and fewer instructions from the
instructor.

The students were then given a synthesis homework assign-
ment and asked to apply the SSA when solving the synthesis prob-
lem. During the following class session, the instructor and students
discussed the solution to this problem as well as any observations
or issues arising from the application of the SSA.

Throughout the remainder of the semester, students regular-
ly practiced organic synthesis problems in class to reinforce the
process. They were afforded opportunities to work individually as
well as in small groups to facilitate peer learning and discussion.
Students then “published” their work on the whiteboards mounted
in the classroom and were given opportunities to lead the class in a
discussion of their problem solutions. Students were also assigned
organic synthesis problems as part of their homework for the du-
ration of the course.

As a general practice throughout the semester, intervention
section instructors discussed organic synthesis problems in class
and employed the SSA to repeatedly model its application for the
students. This served to reinforce with the students the systemat-
ic nature of the Scaffold’s methodology and inculcate the thought
process behind its implementation.

ASSESSMENT TOOL DESIGN-GRADED EVENTS
AND SURVEYS

In this study, 43 students in the three Organic Chemistry | course
sections were advised that their participation was voluntary; par-
ticipating students were asked to sign an informed consent form.
Of these students, 36 students volunteered to participate in the
study — two intervention course sections with a total of 2| stu-
dents and a non-intervention section with |5 students. The goals
of the study were to assess: (|) whether students would chose to
implement the Synthesis Scaffold Approach of their own volition
when solving organic synthesis problems, and (2) whether the use
of this methodology proved advantageous over typical synthesis
instructional methods. Assessment of these project goals was ac-
complished with a combination of selected questions on graded
class quizzes and on the course’s final exam. A post-assessment
survey was administered to the participating students asking gener-
al questions about student impressions and opinions about the SSA
and organic synthesis problem solving. A pre-assessment survey



was not administered since the students had no frame of reference
on how to approach a synthesis problem at the start of the course.

Graded Event Design. Instructors for both the intervention
and non-intervention sections used the same synthesis problems
for quizzes on the Alkene chapter, Alkyne chapter and the course
final exam.The graded event questions were based on the format
of the following example:

Example: Using the systematic problem-solving ap-

proach we introduced in class, show all steps to complete

the transformation shown below.

Given: |-pentene, prepare: |-bromopentane.

Each student’s response to the synthesis problems was
assessed according to a grading rubric. Based on a |0-point value
for the problem, the following grading criteria were used:

I. Evidence that student lists chemical transfor-

mations required for the synthesis — 2 points

2. Student applies retrosynthetic strategy — 2

points

3. Student proposes reagent(s) to effect the

transformation(s) — 2 points

4. Student selects the correct reagents — 2

points

5. Student proposes the correct synthetic path

— 2 points

Quizzes were formatted in a way so that the synthesis prob-
lem appeared on a separate page to provide the student ample
space for scratch-work; this was in an effort to encourage student
application of the Synthesis Scaffold Approach, since it tasks stu-
dents to list the “menu” of possible synthetic routes and reagents.
All student personal information was removed from stored copies.
All original quizzes (but not the final exam) were returned to the
students after photocopying their responses for data analysis.

Survey Design. The survey used in this study was designed
to obtain both semi-quantitative data as well as qualitative impres-
sions from students about using the Synthesis Scaffold Approach on
graded events. The survey questions, which had a Likert-scale com-
ponent as well as open-ended answer opportunities, are shown in
Table I.

ASSESSMENT RESULTS AND DISCUSSION

Graded Event Data Results and Analysis. A statistical analysis
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(t-test) of the results from the Alkene and Alkyne chapter quizzes,
as well as the Organic Chemistry | final exam was performed.The
results are shown below in Tables 2, 3, and 4 for both the interven-
tion sections and the non-intervention section (Sloop, Tsoi, Cop-
pock, 2013).

In addition, an ANOVA analysis of all data collected indicat-
ed that there was significant variance between the intervention
groups and the non-intervention groups for the Alkene Quiz
(p=0.00149), Alkyne Quiz (p<0.0001), and the Final Exam synthesis
questions (p=0.0521).Among all students included in this study and
who were enrolled in the Organic Chemistry | course (n = 91),
there was a statistically significant difference between the students
that received the SSA, as compared to the students that did not
receive instruction that included the SSA (refer to Tables 2, 3, 4).
Therefore, we reject the null hypothesis that there was no differ-
ence in performance on organic synthesis problems between the
intervention students and the non-intervention students. The data
indicate that the intervention students scored significantly higher
than the non-intervention students on all three graded events (p =
0.0009, 0.002, and 0.006).

Two interesting observations stand out with respect to the
Alkene chapter and Alkyne chapter quiz means. The quiz scores
from the intervention sections suggest an improvement in stu-
dents’ synthesis problem-solving ability, even though the synthesis
problem on the Alkyne chapter quiz (3 steps) was more difficult
than the Alkene chapter quiz (2 steps). For the intervention sec-
tions, all students analyzed for this study showed evidence of imple-
menting the SSA when attempting to solve the synthesis problems
on these graded events. Second, there is a sizable significant differ-
ence (p<0.006) in the mean scores of all graded events for students
in the intervention sections versus the non-intervention section.
This may be an indication of an effect from the introduction and
use of the Synthesis Scaffold Approach. However, this statement
must be viewed in conjunction with the effect-size, which points to
only a moderate effect (0.3 < r < 0.6) due to the small sample sizes
of the study. Thus, we state our findings with caution and cannot
absolutely attribute the significant difference in mean scores of the
graded events to the implementation of the SSA in the synthesis
problem-solving curriculum. It is interesting to note that in the ran-
domly chosen exit interviews that were conducted with students
after the Alkyne chapter quiz, student responses showed that a

TABLE 1. Student Post-Graded Event Synthesis Scaffold Survey

4=strongly agree, 3=agree, 2=disagree, |=strongly disagree, NA=not applicable

lems:

Which method do you prefer? Why?

7. Please provide additional comments:

I.1 understand the importance of synthesis to organic chemistry. 4 3 2 1 NA

2.1 can apply the following problem-solving approach to propose a synthetic strategy for an organic molecule:
a. Compare product to reactant 4 3 2 | NA
b. List the differences you see 4 3 2 | NA
c. Count the number and type of transformations needed 4 3 2 | NA
d. Devise a retrosynthetic strategy 4 3 2 | NA
e. List reagents needed 4 3 2 | NA
f. Propose a synthetic plan 4 3 2 | NA

3.This problem-solving approach assisted me in developing the ability to apply critical thinking skills to synthesis problems. 4 3 2 1 NA

4. Provide a description of the way(s) in which this problem-solving approach affected your learning, understanding, and/or mastery of solving synthesis prob-

5.Would you recommend this problem-solving approach to other students? If so, why? If not, why not?

6.What other techniques, methods, and practices have you found useful for solving synthesis problems? Describe them here and explain why you use them.
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large majority of the students felt comfortable with the Scaffold
Approach and intended to use it for future synthesis problems in
subsequent courses. Refer to Appendix B for examples of student
quiz solutions.

As well, because the course sections were not randomly as-
signed (in that students registered for a course section based on
factors not analyzed in this study), it cannot be stated with certainty
that there would have been insignificant variance in student perfor-
mance on these three graded events without the implementation
of the SSA. In hindsight, a pre-test on prior knowledge and skills in
organic synthesis would have lent more power to the suggestion
that the SSA may have had a positive effect on students’ critical
thinking and problem solving in these types of problems.

The final examination for these Organic Chemistry | students
included a selection of four synthesis problems; the problems
ranged from 3 to 6 steps in the synthesis pathway length. Students
were given the opportunity to choose the problems they wished to
complete for a grade. In the course, students who did not receive
the SSA in their curriculum (n=91) obtained an average score of
48% correct for this part of the exam. However, the intervention
groups averaged a 56.8% correct response score, a statistically sig-
nificant increase (p=0.006) (Sloop, 2013).

Survey Results and Analysis. Students completed the
post-assessment survey after the last chapter quiz was adminis-
tered and before the final examination. The results of the Likert-
scaled component of this survey are shown in Table 5.

The survey results suggest that students may possess a high
degree of confidence in: understanding the importance of solv-
ing organic synthesis problems, comparing chemical reactants to
products, and listing the differences between reactant and prod-
uct. However, challenges seem to remain for students: determining

TABLE 2. Statistical Analysis of Alkene Quiz

Student Results

Effect
Group n Mean SD t df P Size
(r)
Intervention 21 8 1.673
Non- Is 54 226l
Intervention
Total 3775 24 0.000927  0.547

TABLE 3. Statistical Analysis of Alkyne Quiz

Student Results

Effect
Group n Mean SD t df P Size
(r)
Intervention 21 9222 1716
Non- IS 6267 2404
Intervention
Total 3493 22 0.00205 0.577
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TABLE 4. Statistical Analysis of Organic Chemistry

| Final Exam Student Results

Effect
Group n Mean SD t df P Size
(r)
Intervention 21 40.152 14.491
Non- 70 28778 19.767
Intervention
Total 2.888 44  0.00598 0.312

the number and types of transformations needed, devising the ret-
rosynthetic strategy, deciding upon appropriate reagents, and pro-
posing a synthetic plan.These findings are not unusual for students
just beginning to learn about organic chemical reactions, reagent
functions and reaction sequences that best achieve the proposed
organic product.

The free response portion of the survey (questions 4-7) gave
students an opportunity to express their thoughts as to whether
the Synthesis Scaffold Approach was an effective learning tool for
them. Selected student responses to those questions are included
after each survey question prompt:

4. Provide a description of the way(s) in which this problem-solving
approach dffected your learning, understanding, and/or mastery of solv-
ing synthesis problems:

“Instead of staring blankly at the paper | was now able to have
a starting point and minimize my choices of what | could do to get
the product.”

“It made it much easier to understand synthesis both back-
ward and forward.”

5.Would you recommend this problem-solving approach to other
students? If so, why? If not, why not?

“Yes, it’s very helpful because you reduce the possibilities of
reagents and methods.”

“l would recommend making sure that students know how
to use specific acids and bases and to repeat the basics that we
learned when we started synthesis.”

6.What other techniques, methods, and practices have you found
useful for solving synthesis problems? Describe them here and explain
why you use them.Which method do you prefer? Why?

“Starting at the front of a reaction and it’s not easy because
there’s so many methods to get the product.”

“Doing more synthesis problems as a whole group or small
group team. | found this useful because it let me hear how other
people explained synthesis in their own words.”

7. Please provide additional comments: (There were no student
entries for this question.)

These response excerpts reflect an increased confidence level
in the students’ perception of their ability to use the scaffold ap-
proach and modify it to suit their needs.

CONCLUSION

The data analyzed from the course graded events indicate that
in general, students who used the Synthesis Scaffold Approach to
solve organic synthesis problems demonstrated more systematic
approaches, provided more detail in their answers, and present-
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TABLE 5. Synthesis Scaffold Post-Assessment Survey ‘

AVG (SD)

I. I understand the importance of synthesis to organic chemistry. 3.71 (0.30)
2.1 can apply the following problem-solving approach to propose a synthetic strategy for an organic molecule:

a. Compare product to reactant 3.62 (0.26)

b. List the differences you see 3.62 (0.26)

c. Count the number and type of transformations needed 2.95 (0.15)

d. Devise a retrosynthetic strategy 2.76 (0.10)

e. List reagents needed 2.81 (0.12)

f. Propose a synthetic plan 2.67 (0.07)

3.This problem-solving approach assisted me in developing the ability to apply critical thinking skills to synthesis problems. 2.90 (0.12)

ed more successful solutions to the problems attempted. Analyzed
student graded events show that students who were taught the SSA
earned a higher mean score on related graded events than students
who were not exposed to the SSA in their course instruction.A mod-
est effect-size limits our conclusions that the SSA had a strong ef-
fect on student synthesis problem solving skills and in turn, the mean
scores on their graded events. Thus, we can presume that the SSA
had only some effect on students’ performance on these types of
problems. Analyzed student quantitative survey data did indicate that
students who used the SSA had a higher level of confidence in their
ability to successfully approach organic chemistry synthesis problems.
Informal follow-up interviews with students in the subsequent course
Organic Chemistry Il during the next semester revealed that more
than 65% of students previously enrolled in the study continued to
use the scaffold, or a modified form of it, when solving synthesis prob-
lems.

Since this study’s inception, other organic chemistry faculty
members were introduced to the Synthesis Scaffold Approach; several
of the professors have instituted it in their teaching of organic syn-
thesis problem solving. Faculty members have responded positively to
the Approach and have noted that this scaffolded learning framework
seems to aid their students in grasping the challenging conceptual
nature of organic chemical synthesis and to enhance their students’
critical thinking skills.

Future directions include exploring the impact this Synthesis
Scaffold Approach may have on other organic chemistry concepts,
collecting further data on future students in
Organic Chemistry |, and enhancing the approach to include other in-
formational sources that can further assist students in solving organic
synthesis problems. As well, introducing it to more students would
help add power to our statistical analysis and perhaps provide more
indication as to the effect of this approach in teaching students how
to effectively solve problems in organic synthesis.
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APPENDIX A. Synthesis Scaffold Student Packet

Organic Chemistry | — Organic Synthesis:
The preparation of organic molecules

As an introductory organic chemistry student, you face many challenges in understanding structure, function and mechanism. During the
course of your two-semester organic chemistry experience, you will learn over 100 chemical reagents that introduce functionality to organ-
ic starting materials.

Mastering the art of synthesis requires that you bring to bear your critical thinking skills in a way that many of you have not done pre-
viously. It is not feasible for you to attempt to memorize the numerous reactions covered in this course. Preparing new organic molecules
from organic starting materials and selected reagents requires that you learn and apply a systematic problem-solving approach to this task.
You must:

*Understand the function of reagents that you learn — what does a reagent do, e.g. does it oxidize or reduce a carbon atom, does it
add a functional group to a multiple bond?

*Think of synthesis as a puzzle — you must put the pieces together (reactants and reagents) in the correct order to achieve the desired
product molecule.

A key component of understanding organic synthesis involves a term called “retrosynthetic strategy”. Sounds hard, but all this means
is that we “unbuild” the desired target molecule we are preparing in a step-by-step way back to the given starting material. We do this by
comparing the product to the starting material and try to identify what transformations are required to arrive at the product given the
starting compounds. In other words, we reverse engineer the product to our starting compound. It looks like this:

Target compound—Intermediate product(s)—starting materials

Once you identify this reverse pathway, it is easy to see the number of steps required for your synthesis. What remains is to identify the
reagents necessary to will create the transformations at each step.

To assist you in building confidence in your critical thinking and problem-solving abilities so that synthesis can be mastered, this primer
has been developed as a sort of “scaffold” around which you can build your synthesis skills. We will look at some simple, single-step synthe-
sis problem examples to help get you started, and gradually progress to more complex cases.

Synthesis Problem Solving Scaffold — Alkene Chapter

Example Problem #I

WORK FLOW (use systematic problem-solving approach):

Step |: Compare product to reactant.

Step 2: List the differences you see.

Step 3: Count the number of transformations needed for each “difference”.
Step 4:Work backwards and match up reagents to your differences.

Given:

(J=

Find: Synthetic route to desired product.

Plan:
I. Compare product to reactant and note transformations.
*H-Br installed in an anti-Markovnikov fashion on the C=CH2 alkene unit
2. Determine if the transformations require more than a single reaction step — No

Solve'
. Use retrosynthetic strategy to “unbuild” the molecule back to the starting material:

=

Retrosynthesis Route

Because there is no intermediate product, we may proceed to identifying the proper reagent set to effect the transformation.

2. Using your Organic Reactions-Interconversion sheet, identify the reagents to be used in our synthetic path that would function to
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install a single proton and bromine on a molecule. Fill in the figure below with the reagents.

L]
Br : A
Sl
SN

We find two possible reagent sets.

Here is a completed diagram:

HBr

y —— A
? | HBr, ROOR

B
«— Synthetic Path

Br

3. Now you must choose which of the bromination reagent sets in the figure would lead to the product by recalling their particular
function.
a. HBr — adds to the double bond (markovnikov addition) — NO
b. HBr, ROOR - adds to the double bond (anti-markovnikov addition) —YES

4. Therefore, path B is the correct synthetic route:

HBr, ROOR Br
_—

Check: Structures drawn correctly, reagent chosen gives the desired transformation.

Example Problem #2 (This time, you try to work through the problem.)

Br

Given: Prepare: Br

WORK FLOW (use systematic problem-solving approach):
Step |: Compare product to reactant.
Step 2: List the differences you see.
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Step 3: Count the number of transformations needed for each “difference”.
Step 4:Work backwards and match up reagents to your differences.

Given:
Br

Br

Find: Synthetic route to desired product.

Plan: |. Compare product to reactant and note transformation(s):

2. Determine if the transformation(s) require more than a single reaction step: YES or NO

Solve:
I. Use retrosynthetic strategy to “unbuild” the molecule back to the starting material:

 ——

Retrosynthetic Strategy

2. Using your Organic Reactions-Interconversion sheet, identify the reagent(s) to be used in our synthetic path that would function to
add one molecule of Br2 on an organic compound. Complete your figure below with the reagents. If you have multiple reagents, use
the figure in example problem #1I as a guide:

Br

Br

3. If you selected more than one bromination reagent set, determine which would lead to the product by recalling and writing their
particular function.
a.
b.
Therefore, path is the correct synthetic route:

4. Write the completed synthesis:

Y o

Check: Structures drawn correctly, reagent chosen gives the desired transformation.
Practice Problem #1 (This time, use what you've learned to solve this synthesis problem.)

Given: Prepare:
OH
)

WORK FLOW (use systematic problem-solving approach):

Step |: Compare product to reactant.

Step 2: List the differences you see.

Step 3: Count the number of transformations needed for each “difference”.
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Step 4:Work backwards and match up reagents to your differences.

Given:
Find:
Plan:
Solve:
l.
2.
3.
4. Write the completed synthesis:
Check:

Of course, all synthesis problems are not so simple — many have multiple steps. Here is an example of how to approach and solve a synthe-
sis that involves more than one step.

Example Problem #3
Given:

Br
Br
_—
—_—

Find: Synthetic route to desired product.

Plan: |.Compare product to reactant and note transformations.
a. Bromine installed on the ring
b. Double bond formed

2. Determine if the overall # of transformations require more than a single reaction step —YES, two steps required.

Solve: |. Use retrosynthetic strategy to “unbuild” the molecule back to the starting material:

Br
I:>Di; ‘:) O/\

——> Retrosynthesis Route

Br
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2. Propose the structure for a likely intermediate product:

Br
Br
 —  —

For the intermediate product, we choose a structure that will allow us to arrive at the product with a single reaction. In this instance, a
structure with a double bond fused to the cyclohexane ring

3. Using your Organic Reactions-Interconversion sheet, identify the reagents to be used in our synthetic path that would eliminate
H-Br to create a double bond (step |) and those that would install a single bromine atom on a molecule (step 2). Fill in the figure
below with the reagents.

Br ‘7/ r N

 —— L —>
CE—
\? Step 1
\:>

Step 2

-«— Synthetic Path

Here is a completed diagram:

HBr, ROOR

Br ) A KOC(CHg)s,
2 Brz, v HOC(CHa)s .
B
—r—)

N
)
—V

Q c |:> Retrosynthesis Route

<« Synthetic Path

4. Now you must choose which of the bromination reagent sets in the figure would lead to the product
a. HBr, ROOR — only adds to the double bond (ant-Markovnikov addition) — NO
b. Br2, hn — provides bromine on an allylic position —YES

c. NBS — provides bromine on an allylic position —YES

5.Write the complete synthetic plan:

Br
Br KOC(CHg)s, HOC(CHg)s (:/r NBS (or Bry, hv) (E/(
—_—

Check: Structures drawn correctly, reagent chosen gives the desired transformation.
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Appendix B. Student Quiz Solutions — Alkene and Alkyne Chapters

Name:

CH 2211 Quiz Ch 7 continued

(10) 8. Given the starting material provided, propose a synthesis for the product shown. Use
the systematic problem-solving approach we have introduced in class.

O~ o<

starting material product

DitFer emaes s

= Product + r ! el )
g ok e gl ek Gl

)(‘QMﬁ{a*(M.thM$; L/
C" G bm&_ '{‘mrm;é v X~

Re/ l'o,

O—C >O~—&° > D

RMMJ"Mj ) ey

ng‘f‘ hewts "

<y
/K M5 /\&l
Q E:%Le,r H v
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CH 2211 Quiz Chp. 8 continued

(10) 7. Usmg the systematic problem-solving approach we introduced in class, show all steps
to complete the transformation shown below.

Br.

Sde

Pifkerences:
{. de Br eon prod“k
a2 2 doobtle Gordg Celimuaton ")>

3. b\m\c)Mo\Mn (1)

R!h‘o: ’ i Br
F B‘. hv DBU
, &
THF e t\n THE
| PBY
2. Brg, ke
S\I’ﬂ\{s'sf //
g
By
L Brarhy 2,
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Name: __

Date:

Chapter 10-11 Quiz, Synthesis

20 points

(20) 5. (COG 5) Use the retro-synthesis technique and write the stepwise reactions to make the target
product molecules from the given starting material.

e

starting material

’y

target molecule

M YMLKU\ group ad l

@!@.@57 Wor - atd & +o corbon -
- @L{C@l dhouge (VA THEY

B RooR s

- L my Y)eomire - B \THT’

Y skefs

CHEM 2211
Georgia Gwinnett College
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